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quantum Hall effect (QHE) resistance standard and the JVS. Both are believed to be fundamental physical effects and widely used in metrological laboratories. The quantum Hall resistance R and Josephson voltage V are given by: R = R k /i (R k = h/e 2 ) (1) V = nf/K j , (K j = 2e/h)
where i and n are integers, f is a frequency, h and e are fundamental constants, namely, the Planck's constant and the electron charge. The QHE ohm and Josephson volt are linked to the ampere via difficult experiments, with a relatively high uncertainty (Flowers, 2004) . In consequence, the QHE and JVS are referred to as 'representations' of the SI ohm and volt. To address this inconsistency, the International Committee of Weights and Measures (CIPM) recommended the study of proposals to redefine some of the SI units in 2011.
A quantum electrical standard, based on single electron transport, yields a current given by:
where the current I through the transistor is defined by the number n' of elementary charges (e) injected in one period and f' is the frequency. There are two basic requirements for a transistor to act as an electron turnstile. The first is that the charging energy for an electron confined into an island of material in between two tunnel junction must be larger than the thermal energy of electrons. This condition can be written as e 2 /2C  >> kT, where C  is the total capacitance of the device. This first condition has two direct technological and physical consequences: to observe Coulomb blockade, junctions with lateral dimension in the 10-100 nm range are required so to have C    F. Of course, the measurement must be carried out at cryogenic temperatures, with typical values in the mK range. What is important to underline here is the need of nano-technologies to realize the device. Standard photolithograpy, widely employed by microelectronic industries for high density package of devices in a single chip, can hardly approach the geometrical limit required, so, Electron Beam Lithography (EBL) is commonly used for the purpose. The second condition to be fulfilled by an electron turnstile is more related to the basics of Quantum Mechanics. In a classical picture it is clear if an electron is either on an island or not. In other words, the localization is implicitly assumed in a classical formalism. However, in a more precise quantum mechanical description, the number of electrons N localized on an island are in terms of an average value N which is not necessarily an integer. The so-called Coulomb blockade effect prevents island charging with an extra electron, that is |N-N| 2 <<1. Clearly, if the tunnel barriers are not present, or are fairly opaque, no island charging or electrons localization on a quantum dot will be accomplished, because of the absence of confinement for an electron within a certain volume. From a quanto-mechanical point of view, the condition |N-N| 2 <<1 requires for the time t which an electron resides on the island, t >> t > h/E. Let us assume that for moderate bias and temperature at most one extra electron resides on the island at any time, so the current cannot exceed e/t. This means that the energy uncertainty on the electron must be E<V b , where V b is the applied bias. Trivial calculations lead to the conclusion that the resistance of the tunnel junctions R T = V b /I >> h/e 2 . The last quantity is the von Klitzing constant R K , known to be R K  25813 . More rigorous theoretical studies on this issue have supported this conclusion (Zwerger (Geerligs et al., 1989 ). An important experiment, in which all the three electrical standards are joined together, is the Metrological Triangle. We can describe this experiment like a sort of quantum validation of the Ohm's Law. Joining eqs. (1), (2) and (3), we will yield the product R k K j e. This is expected to be exactly 2. Any discrepancy from this value will indicate a flaw in our understanding of one or more of these quantum effects. This experiment will be an important input into the CIPM deliberations on the future of the SI. It is one of the higher priorities in fundamental metrology today. Current pumps based on mesoscopic metallic tunnel junctions have been proposed in the past (Geerligs et al., 1990; Pothier et al., 1992) and demonstrated to drive a current with a very low uncertainty (Keller et al., 1996) . Unfortunately, these systems are difficult to control and relatively slow (Zimmerman & Keller, 2003) . Amongst the various attempts to overcome these limitations by using e.g. surface-acoustic-wave driven one-dimensional channels (Talyanskii et al. 1997) , superconducting devices (Vartiainen et al., 2007; Niskanen et al., 2003; Lotkhov, 2004; Governale et al., 2005; Kopnin et al. ,2006; Nazarov, 2006, Cholascinski & Chhajlany, 2007) and semiconducting quantum dots (Blumenthal et al., 2007) , a system based on hybrid superconducting-metal assemblies and capable of higher accuracy has been recently proposed .
Theorethical background

The Orthodox theory
In the present chapter, we will review the Orthodox (Averin & Likharev, 1991) theory for the Normal-metal Single Electron Transistor (n-SET) with the aim of extending it to the case of hybrid Superconductor/Normal structures. This model, which will be discussed in a following section, enables to predict the h-SET performances when different superconductors are employed. For clarity purposes, we will give a heuristic treatment for the n-SET but without any lack of generality, while a more detailed discussion will be devoted to the hybrid case. The energy that determines the transport of electrons through a single-electron device is Helmholtz's free energy which is defined as difference between total energy E  stored in the device and work done by power sources. The total energy stored includes all the before mentioned energy components that have to be considered when charging an island with an electron. The change in Helmholtz's free energy a tunnel event causes is a measure of the probability of this tunnel event. The general fact that physical systems tend to occupy lower energy states, is apparent in electrons favoring those tunnel events which reduce the free energy.
In the framework of the Orthodox theory (Averin & Likharev, 1991 ) the tunneling rate  across a single junction between two normal metal electrodes can be extracted using the Golden Rule as:
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where ∆F is the variation in the Helmholtz free energy of the system. Integration of (4.1) yields:
It can be easily concluded that, in the low T limit, = 0 when ∆F > 0, whereas:
The quantity ∆F for a n-SET with i junctions can be written in the following way:
where i=1,2 in a single-island n-SET, V i is the voltage bias across the junctions. Here, we are dealing with 4 different equations, which consider the possibility for one electron to enter in (+) or to exit from (-) the island both from junctions 1 or 2. Eq. (5) gives a perspicuous representation of the Helmoltz free energy for an island limited by two tunnel junctions. The energy E c =e 2 /2C  is clearly the energy stored in the device, whereas +eVi represents the work done by the power sources.
The Normal-Insulator-Normal SET
In Fig. 1 a SET equivalent circuit is displayed. First, it is helping to write the equations for a double junction system, and then to correct them when a gate contact is added. The charge q i at the i-th junction can be written as q i =C i V i , so, the total charge into the island is q= q 2 -q 1 +q 0 =-ne+q 0 where q 0 is the background charge inside the island and n=n 1 -n 2 is an integer number indicating the electrons in excess. 
where V SD is the bias across the device (V SD = V i ) and C  =C i .
To add the contribution of the gate contact in the device, we can simply take into account for effect of the gate electrode on the background charge q 0 . This quantity can be changed at will, because the gate additionally polarizes the island, so that the island charge becomes: 
with V g the gate voltage. Now, after, some trivial calculations, one can write the final relationship giving the voltage bias across the i-th junction in Single Electron Transistor (SET) composed by 1 island surrounded by 2 tunnel junctions:
where  i,1 is the Dirac's function and C  =C i +C g . By combining (8) and (5) it is possible to explicitly write the equations governing the free energy change in a system with two tunnel junctions and a gate electrode. For example, under the particular conditions: q 0 = 0, R 1 = R 2 and C 1 = C 2 = C>> C g , one gets:
where n g =C g (V g -V 2 ) and E c =e 2 /2C. In order to model the behavior of such a complex system, some simplifying assumptions are needed. First of all, we consider the tunneling events as instantaneous and uncorrelated, say, one is occurring at a time. Since any single-electron tunneling event changes the charge state of the island, at least two states are required for current transport.
Having the rates of tunneling through the two junctions at hand we can now define the rates of elementary charge variation for the island as:
With the aid of the above considerations it is possible to define a master equation that governs the behavior of the system, whose solution is (Ingold & Nazarov, 1992) :
where P n is the probability distribution for the island charge state. Taking as a starting state that one with no excess charge in the island and considering that only the nearest neighbors states are connected by non-null rates, the probability distribution can be derived from eq. (11) as:
where the free parameter P 0 can be extracted from the normalization condition 1
Being the steady-state currents through the two junctions equal to I we can write: It's trivial to note that in the T=0 limit the terms ( 11      and 22     ) of eq. (13) are identically null for some values of V SD and n g . In these states it is also noted that the probability distribution P n =1 for a well defined value of n. This means that these regions are stable in terms of the number of charges on the island and both tunnel junctions are in the so-called Coulomb Blockade state. In the zero temperature limit, by imposing 0 It is important to stress that the stable states in the case of n-SETs have a single degeneracy point in which the the states with n or n +1 are equiprobable (Fig. 2) . The only location on the stability diagram, and therefore the only set of coordinates n g ,V SD which allows the system to switch from one stable state to another passes through the degeneracy point where the bias voltage V SD is nil in any circuit configuration. Then, the reader can understand how a simple n-SET can control the number of elementary charges in excess on the island, solely, but not the flow of single electrons from source to drain electrodes. This because the system switch from n to n +1 can occur either through the forward tunneling in the first junction or the backward tunneling in the second junction, with the same probability. In other words, V SD =0 implies that no directionality for the events is defined, that is, the n-SET cannot work as a turnstile. For V SD ≠ 0, the current can freely flow across the device in well-defined V g intervals. The so-called SET oscillations can then be observed (Fig. 3) .
Investigators have tried to circumvent this problem by using multi-island electron pumps (Zimmerman & Keller, 2003) . In such devices some islands are in series and driven by their own gate contact. Sinusoidal waveforms for each of these gates are shifted in phase, so to ensure that successive tunnel process occur from the first to the last junction. The relatively complicated experiment with such a slow device yields an output value for the singular current much lower than the limit (10 -10 -10 -9 A) necessary for carrying out the Metrological Triangle experiment with the required accuracy. 
The hybrid SET
Hybrid superconducting-metal assemblies have been recently proposed and shown to be capable of higher accuracy . From a technological point of view, this assembly is composed by a normal-metal island sandwiched by two superconducting electrodes (SNS), or the reverse (NSN) scheme. For the purpose of this chapter, the theoretical description is the same for both the arrangements. In the following chapter, eqs. (4) will be rewritten in the case of NIS junction and applied to h-SET.
Tunneling in a S-I-N junction
Typical applications of SIN junctions are microcoolers (Nahum et al., 1994; Clark et al., 2005; Giazotto et al., 2006) and thermometers (Nahum & Martinis, 2003; Schmidt et al. 2003; Meschke et al. 2006; Giazotto et al., 2006) . In these applications, SIN junctions are usually employed in the double-junction (SINIS) geometry. The opposite NISIN geometry has gathered less attention. Recently, there has been interest in SINIS structures with considerable charging energy. They have been proposed for single-electron cooler applications Saira et al., 2007) that are closely related to the quantized current application . Thermometry in the Coulomb-blocked case has been considered, too (Koppinen et al., 2009 ).
In the case where the superconductor in study is well below its transition temperature (T S <T c ) it can be assumed for the superconducting gap  that (T S )=(0) = . Because the number of particles for a given amount of energy must be the same in the superconducting state (quasi-particles) and in the normal one (free electrons), the relationship:
must hold, and then:
where is the Heaviside's step function. Then, the density of states in a superconductor can be written as:
by considering that: 1. all the energy terms at low temperatures have significant values of the order of k B T (which is several orders of magnitude less than the Fermi energy, k B T<<E F ); 2. the energies are measured with respect to the Fermi level (=0 at E F ); 3.
()
nn gg   . A further assumption is that the electrons in the metal and the quasiparticles in superconductor are weakly interacting and at thermal equilibrium due to the high potential barrier of the dielectric layer. It is then possible, to consider tunneling as a perturbation and to apply the Golden Rule approach. The dominating current transport mechanism in a NIS junction is single-electron tunneling between the normal metal and the quasi-particle states of the superconductor. The equations governing the rate of tunneling back and forth in a NIS can be written in a similar way to that for the NIN system by simply adding a term proportional to the superconductor density of states:
where T s and T N are temperatures for the superconductor and normal electrodes, respectively and n s =g s (E)/g N (0). For T = 0, the corresponding of eq. (4.3) is found for the SIN case:
whereas = 0 for F>- (the other two solutions cannot be considered because transitions are allowed only for negative free energy variations). Finding a solution for eq. (17) is not a trivial task and will not be reported here, but some words are deserved to the tunneling effects occurring in the SIN junction at voltages values below gap. Here, if the condition K b T N <<F (i.e., if T N <<1.76 T c ) is fulfilled, the rate of tunneling through the SIN junction is given by: (19) it can be seen that for free energy variations below the gap the tunneling rate strongly depends on temperature. This opens the possibility of using this type of junction as a thermometer at low temperature. As a drawback, limits in the accuracy of electron counting for metrological applications of h-SETs can arise, as discussed in the next chapters.
Stability diagram for h-SET
Following the same n-SET master equation approach for the SINIS system, it is now possible to combine eqs. (9) and (17) in order to consider the case in which the mesoscopic tunnel junctions charging energy is not negligible and the central island is coupled to a gate electrode.
Results from calculations of the electrical characteristics for the previous ideal system are shown in Fig. 4 . Using a similar procedure for the n-SET device we can study the h-SET behavior at temperature T->0 K in order to extract the modified stability diagram. It is observed from eq. (18) that when F > - the tunneling rate is nil (in principle) and the junction does not allow for the electron flow. The areas in the stability diagram in which such conditions hold identify the stable regions with a defined number of elementary charges on the island (n).
Fig. 4. 3-dimensional view of the Stability Diagram for a h-SET
The present formalism allows us to treat the hybrid assembly in the same way as the normal system. Then, very trivial calculations let us to extract the equations for the two families of straight lines defining the boundaries between regions of allowed and forbidden tunneling, with an offset value with respect to the lines in the normal case of 2 (Fig. 5) . The dashed lines in Fig. 5 define the regions of inhibited tunneling, as in the case of the n-SET (purple areas). In the hybrid system, each of them is shifted by an offset 2, defining the blue regions where the mechanism of tunnel inhibition is the band offset at the SIN junction. When the Current across a Single Electron Tunneling device is recorded as a function of the V SD , for different n g values, a family of Current-Voltage characteristics is obtained. This means we are moving along parallel vertical pathways on the Stability Diagram. The extension of the Coulomb gap, obviously depends on the n g value: in a Normal SET it periodically oscillates from 0 to e/2C, with a periodicity of one unit (see Fig. 6 ).
It is then interesting to compare the Current-Voltage characteristics of the Normal and Hybrid SETs. This comparison, reported in Fig. 6 , clearly indicates a broadening of the conduction gap in the hybrid structure. The gap oscillates with tuning V g from ∆ to ∆+ e/2C. In a few words, the presence of the superconducting gap broadens the region of inhibited tunneling, whose width never equals to zero. In this configuration for the h-SET, the degeneracy point linking the stable states is suppressed by a region in the V SD -n g space where the pathway from point A to point B occurs with negligible backward tunneling at both junctions (V SD > 0) and without departing from the stable regions. E.g., with V g oscillating between the states A and B, one can move a single electron per cycle from source electrode to drain with a well defined directionality given by the sign of V SD . In the next section we will analyze some of the possible effects that can alter the process of controlled transport of electric charges in a h-SET turnstile configuration. The extension of the Coulomb blocked region to V SD values ≠ 0 is the peculiar feature of the hybrid assembly. This opens the possibility for such a device to operate as a turnstile. In fact, we can operate the device along the pathway between points A and B with V SD ≠ 0 (Fig. 5) . From points A and A' (B' and B) tunneling inhibition is accomplished thanks to the Coulomb Energy e 2 /2C (F<0), whereas in the intermediate region A'B', the presence of the superconducting gap is the limiting mechanism (0<F<).
Error sources in hybrid SET
The following treatment on the error sources in Hybrid SET will not be exhaustive, since second-order (e.g. co-tunneling), and technology-related (e.g. Adreev's reflections at the oxide pinholes) effects, will not be discussed. We will focus on a sort of "ideal" h-SET, in order to determine the optimal conditions for turnstile operation.
It is rather intuitive that small V SD values lead to an increased probability for tunneling events in the backward direction, according to the relationship :
where  b is the rate of backward tunneling k B the Boltzmann constant and T N the temperature at the Normal electrode. On the other hand, the rate of unwanted intra-gap events increases when V SD approaches 2∆, as described by eq. (19) . Thus, the probability of both kinds of spurious events described by eqs. (19) and (20) reaches a maximum value either for V SD = 2∆ or V SD =0, respectively. Minimizing the contributions displayed in eqs. (19) and (20) In the followings we will discuss both these aspects.
A scaling rule
The capability of a h-SET device to act as a single elecron turnstile is related to the possibility of switching the system between two stable states A and B (Fig. 5) , keeping the system in a blocked region of the stability diagram. All paths at nonzero V SD values which connect A and B, necessarly contain a set of states where the current is suppressed by means of the superconducting gap, solely. In the present chapter we consider the simplest theoretical and experimental setup for a turnstile with dc bias and ac gate voltage: in this framework the system switches between two blocked states, the first related to the Coulomb blockade in analogy with the n-SET and depicted by means of the AA' and BB' segments, the second represented by the A'B' segment in which the tunnel current is suppressed by the superconducting gap. As previously discussed the superconductive gap cannot be considered as a perfect barrier and the transition in the A'B' segment is a potential source of current leakage inside the tunnel junctions, then some considerations are needeed in order to minimize this effect mantaining the advantages of h-SET turnstile configuration. Minimizing the resident time t  in this region is then an important issue in order to reduce errors related to leakage effects. Authors , suggested a squared waveform for the V g signal, even if the sinusoidal signal can be more easily handled during a turnstile experiment. Evaluation of such resident time is easily obtained in the case of sinusoidal waveform, by considering the extension of the A'B' region in Fig. 5 . We consider a value for V SD = (with  in eV), say, we assume the SET as working in the optimal conditions according to eqs. (19) and (20). From geometrical considerations, as can be evident when observing Fig. 5 , the condition:
www.intechopen.com Fig. 2 we observe the broadening of the Coulomb gap with varying V g . In the hybrid assembly the contribution from ∆ broadens the region of inhibited tunneling. must hold, otherwise the system will never reach a stable Coulomb-blocked state. Such simple relationship provides an important scaling rule for designing h-SETs. It says that employing high gap superconductors (Nb is a key example) into a hybrid assembly does not guarantee better device performances. That is, the Charging Energy E C must be increased, too. As an example, if we envisage to replace Al with Nb (2∆ ≈ 340 eV vs. 2∆ ≈ 3 meV), we have to find a way to increase the E C value by a factor of ~10; this can be accomplished by decreasing the tunnel capacitance values, solely. The ratio between t  , the time interval in which the system is blocked only by the superconductive gap during a cycle, and the cycle half-period T/2, can be written as:
and displayed as a function of the junction capacitance and the superconducting gap indicated together with the reasonnable lower limits for junction capacitance with the most common SET technologies, the SAIL (Self Aligning In-Line) (Götz et al., 1996) and the Shadow evaporation (Dolan, 1977) . Fig. 7 . The graph displays the calculated dependence of The 2t  /T on the superconductor gap  and the junction capacitance C. Lines perpendicular to the -axis show the typical gap values for most common low-T c superconductors, whereas the lines across the C-axis represent the limit of two typical techniques for producing SETs (see text for details).
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The following chapter will review the technological approaches to realize SET devices, with the purpose of identifying the most promising ones as far as the capacitance reduction issue is concerned.
SET Technologies
The Shadow evaporation technique
The shadow evaporation technique (Dolan, 1977) was the first to be used for the fabrication of single-electron devices based on metallic systems and is currently the most widespread. This technology takes advantage from a shadow effect, implying that the deposition techniques must be highly non-conformal. The typical deposition process is then thermal or, better, e-beam evaporation: this dramatically limits the choice of materials to be deposited (Nb, for example, being a refractory material, is hardly evaporated). 
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The critical step for the success of the process is to fabricate suspended segments of electron beam resist at a certain distance from the substrate. In common lift-off process, the films are defined by evaporating the metal through the openings in the mask at normal incidence substrate, so as to ensure the break between the parts of the layer on the substrate and those on the mask. The creation of masks with suspended bridges is possible thanks to the use of two different types of resists for electron beam lithography, the lower with greater sensitivity to electron beam than the upper one. During the development step, the exposed resist region is chemically removed in a selective way, with a wider pattern in the polymer underneath. In this way, using the so-called proximity effect, typical of electron beam lithography, it is possible to obtain suspended bridges structures. Fig. 8 shows the SEM tilted view of the mask we are dealing with: it consists of a support resist layer of thickness  1~3 50 nm, on which the layer that define the structures, with thickness  2~2 00 nm is lying. If the mask is suspended one no longer needs to deposit the metal at normal incidence to guarantee the successful lift-off and can vary the angle of deposition thus obtaining different patterns on the substrate. From simple geometrical considerations we can see that creating an opening of width W 0 in the top layer of resist and carrying out the evaporation at an angle  respect to the normal will produce a deposided feature of width:
If the angle of incidence is greater than the critical one:
the opening in the mask appears as "closed" and the deposition does not reach the substrate. The practical realization of this effect depends on the ability to produce shadow masks similar to the ideal ones presented so far. To apply this calculation it is important that the experimental values of  1 and  2 are reliable, and that the cross section of the top resist layer is rectangular. For the construction of tunnel junctions, first a pattern mask with two, very tight openings must be created. A bridge in the top layer resist between them is then defined. One can then proceed to the fabrication of tunnel junctions with a deposition-oxidationdeposition sequence, which occurs in the same vacuum cycle. After the first evaporation performed to an angle  1 , (Al in Fig. 9 ) the deposited film is oxidized in O 2 atmosphere then growing an insulating layer, commonly Al oxide, ~1nm thick. After pumping down, the second layer is then deposited at angle  2 (Cu in Fig. 9 ).
The Self Aligning In Line Process (SAIL)
The principle of the SAIL technique (Koch, 1987) is to fabricate the tunnel junctions at the two sides of the island, so that the size of the junctions is determined by the thickness and width of metal thin films: in this way one gets a planar configuration with vertical barriers. In this section we will discuss the basic steps of the process originally created and provide some hints on how it could be used for manufacturing h-SETs. The SAIL process, as presented by Gotz (Gotz et al., 1995) consists of the following steps: i. Preparation of a narrow and thin metal film on the substrate (Fig. 10 (a) ).
ii. Fabrication of a resist mask which leaves the area open for the following counter electrode deposition step ( Fig. 10 (b) ). iii. Anisotropic etching of the film in order to define the island (Fig. 10 (c) ). iv. Formation of a dielectric barrier on the exposed surface of the island (Fig. 10 (d) ) v. Deposition of the second metal film (Fig. 10 (e) ). vi. Lift off (Fig. 10 (f) ). There are no particular requirements for the island deposition technique, e.g. sputtering or evaporation, while the subsequent transfer of the pattern can be accomplished with lift off or anisotropic etching. The mask generated in the second step defines the location and size of the island and that of source and drain electrodes. The process is self-aligned along the length of the island, while mismatches in the cross direction can be easily compensated by choosing one of the two metal strips wider: then one can realize an island sandwiched with two wide electrodes (WNW), as shown in Figure 9 , or a large island between two narrow electrodes (NWN), obtaining in both cases the same junction area. Difficulties could arise from the use of the same mask for etching and lift off: in fact, the resist must remain soluble and thick enough to allow reliable lift off, even after the ion beam bombardment. One will then need to tune the thickness of the resist or the metal depending on the etching selectivity. The solution may be to replace the ion beam etching, barely physical, with Reactive Ion Etching (RIE), taking advantage from the chemical selectivity of the gas employed. An alternate solution is the use of a multi-layered mask, e.g. two layers of resist with an intermediate layer with lower etching rate. In this way, the lower resist layer is protected against the ion bombardment, and can be used as lift off mask. In order to be used for lift off, the resist mask should show in section walls with negative slope. The generation of a suitable mask is the crucial step and more complicated in the SAIL technique than in the shadow evaporation one. The creation of the barrier after the anisotropic etching of the first mask avoids its damage due to high-energy ions. Over-etching in the substrate during step iii. can lead to re-deposition of substrate material on the exposed sides of the island, and then serious barrier uniformity problems can arise.
To improve the quality of the barrier as well as to minimize the over-etching, it is possible to choose as substrate the same material of the barrier to be fabricated: in fact, the barrier dielectrics usually have lower etching rates than the corresponding pure metals, and therefore can excellently act as etch-stop layers. A further technological complication is that the formation of reliable contacts requires a more anisotropic etching (step iii.) than the second metal deposition step (step vi.). Apart from these difficulties, the SAIL process has several advantages if compared to the shadow evaporation technique.
As mentioned above, there is complete freedom in the choice of the deposition process of metal layer, e.g. evaporation can be replaced by sputtering. It is worth noting, for instance, that the latter technique is more suitable for depositing a robust and reliable superconductor like Nb. Moreover, one can get rid of fragile structures like suspended bridges necessary for the shadow evaporation. Finally, since the tunnel junction is obtained at the sides of the island, the electrodes overlapping is absent, and the junction capacitance is lower than in devices realized by the shadow evaporation. The first SET made with the SAIL technique was reported by M. Gotz (Gotz et al., 1995) . The device is based on the system Al/AlO x /Al. The island, with thickness and width of 50 nm and 80-150 nm, respectively, is defined by EBL and subsequent lift off on a single layer of AR-P610 resist. The metal was deposited by sputtering. The second mask was made with a double resist layer composed by AR-P671 and AR-P 641. The thickness of the second metal layer was 100nm. The anisotropic etching was carried out with Ar + ions. Immediately after the etching, the dielectric barrier has been created by means of oxidation step in dry air. The reported yield is 40%. From the width of the Coulomb Blockade areas, the junction capacitance was estimated to be 0.5 fF, a value in agreement with the calculations for a tunnel junction area of 50 x 150 nm 2 , and a barrier thickness of the order of 1 nm.
Conclusions
The employment of the Shadow evaporation technique dramatically limits the choice for superconductors to use, either from a merely technical (materials to be evaporated) or from a more fundamental (difficulties in reducing junction areas) points of view. As a matter of fact, h-SETs made by Al/Cu assemblies have been recently produced and characterized . The SAIL technique seems promising, since it allows for a wider choice of superconducting materials. It is possible, for example, to envisage the employment of In:Pb alloys (with improved electrical and thermal properties with respect to the unalloyed elements) in SAIL SETs by taking advantage from composition-related gap tunability. In this case, however, technological problems related to deposition of continuous, ~10 nm thick, films from metals with low fusion temperature require solution. It is noteworthy that such alloys were used years ago in the first generation Josephson junctions (Lacquaniti et al., 1982) . V or Ta could be interesting alternatives, but the best candidate for the realization of stable and robust turnstiles should obviously be Nb. Indeed, the graph in Fig. 7 shows that the inclusion of such material in a h-SET arrangement still requires to overcome the technological limitations of the SAIL technique. The possibility of device biasing, offered by the hybrid arrangement can improve the accuracy of electron pumping process, but care must be taken in reducing leakage through the superconducting gap. Optimizing between these opposite effects requires the increase of both the superconducting gap and the charging energy.
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